One of the most important parameters in a pipeline to be monitored and measured is the wall thickness. Pipe wall thickness can vary after a certain period of time, as a result of accumulation of various chemical or physical eects. Pipe wall thickness can be monitored by the proper use of ultrasonic or radiographic inspection methods even while the plant is in operation. Only the radiographic method assures inspection without costly removal of insulation material during operation of the plant. The purpose of this study is to dene the wall thickness of pipes by using digital radiography technique. The outer diameter of the studied pipes is ranging from 51 mm to 60.3 mm and wall thickness is ranging from 2.9 mm to 3.6 mm. Experiments were repeated by changing the focal detector distance and pulse parameters.
Introduction
Steel pipes are widely used for liquid and gas transportation in the petroleum and chemical industries. corrosion, erosion, wear and deposit formation cause changes of pipe wall thickness over time.
Even the slightest change can aect the pipes ability to withstand pressures and meet relevant operation requirements. Thus the accurate measurement of the pipe walls is a vitally important test. Digital radiography systems can be monitored and measured the wall thickness of pipes rapidly and instantly [1, 2] . In this study, wall thickness of pipes was measured by digital radiography using tangential technique. For this purpose, foX-Rayzor digital radiography system which has a at panel detector was used.
Radiographic image of pipe was obtained by at panel detector and transferred to computer as a digital image.
Thus measurements have been able to identify precisely and quickly. Exposure process was repeated according to operating parameters that are focal detector distance and pulse parameters.
Experimantal study
In this study, 9 dierent steel pipe samples were studied at ITU Energy Institute, radiography laboratory.
These samples have 3 dierent diameters and each one has 3 dierent wall thicknesses as shown in Table I The system used in this study was a foX-Rayzor portable X-ray inspection system which contains the at amorphous Silicon (a-Si) 14 bit (16,384 gray levels) panel, with 270 kV pulsed X-ray source. The experimental setup was prepared on suitable geometry in the exposure room of radiography laboratory as shown in Fig. 1 . The whole concept of tangential radiography is to penetrate the sidewall of the pipe so that the thickness is projected on to the at panel detector. As there will be some magnication of the image it is essential that the set-up is 
Results and discussion
The digital images and pixel intensity proles of Sample 1 for four dierent operating parameters are given in ( Fig. 2a, b) . At the same focal detector distance, an increase in pixel intensity was observed by increasing pulse value (Fig. 2a, c) . At the same time, the sharpness of the turning point is also increasing with the increasing pulse value in pixel intensity prole (Fig. 2c, d )
Three dierent thickness values were read on the same region of the digital image and the arithmetic averages were calculated. The corrected wall thickness (w) was calculated by Eq. 1 using average wall thickness (w ) [1] .
In Eq. 1, R is the radius of pipe, F DD is focal detector distance. These values are given together in Table II for dierent operating parameters.
In the experiments, dierences between the real wall thicknesses and corrected wall thicknesses were evaluated as error. The absolute error results depending on operating parameters are given together in Fig. 3 . According to Fig. 3 , when the wall thickness increases, the absolute errors are generally reduced (Fig. 3a, Fig. 2b ). Absolute error is increasing with the decreasing focal detector distance while keeping pulse values constant (Fig. 3a,   Fig. 2b, Fig. 2c ). This situation can be explained with geometric unsharpness which is decreased with the increasing focal detector distance.
Conclusion
In the study, wall thickness of dierent steel pipes was measured by digital radiography using tangential technique. The outer diameter of the studied pipes is ranging from 51 mm to 60.3 mm and wall thickness is ranging from 2.9 mm to 3.6 mm. Experiments were repeated for 9 pipes on 80 pulse and 90 pulse values at 600 and 700 mm focal detector distances. The wall thicknesses were obtained from pixel intensity proles and digital images of the pipes.
It was found that the pixel intensity decreases with the increasing focal detector distance when the pulse values are the same. An increase in pixel intensity was observed by increasing pulse value at the same focal detector distance. At the same time, the sharpness of the turning point also increases with the increasing pulse value in pixel intensity prole.
The absolute error results show that when the wall thickness increases, the absolute errors are generally reduced. Absolute error increases with the decreasing focal detector distance while keeping pulse values constant. It is also observed that the pulse changes does not aect the absolute error, but only aects the quality of digital image. In our study, the maximum absolute percentage error was found 3.45 for the pipe samples which are in the range of 23 mm < L max < 29 mm. These values are within acceptable accuracy limits. 
